Effective diffusivity of sulphur dioxide uptake in green banana was measured as a function of temperature (20-30°C) and concentration (6,000-10,000 ppm) of dipping solutions. The effective diffusivity varied from 2.40×10 -10 to 19.05×10 -10 m 2 /s. Diffusivity increased with the increase of concentration and temperature of sodium metabisulfite solution. The estimated values can be used to design a sulfiting pretreatment process of green banana before drying.
INTRODUCTION
Drying is one of the most common methods of preserving foods. Usually fruits are treated before drying to increase the drying rate, preserve color and flavor, and to improve the rehydration ability (Rahman and Perera, 1996) . Sulfur dioxide is often used as a pre-treatment chemical to protect fruit and vegetable tissues from undergoing enzymatic and non-enzymatic browning discoloration, and oxidative deterioration of flavor compounds and vitamins during drying and subsequent storage. Sulfur dioxide is permitted up to a limit of 2000 mg SO 2 /kg in dried foods (IFT 1990) . Thus, it is important to predict the diffusion of sulfur dioxide into fruit and vegetables for quality optimization as well as to meet the legal requirements of the dried products.
Processed banana products undergo browning readily and sulfur dioxide is commonly used as a pretreatment in these products to prevent undesirable browning. Thus, prediction of sulfur dioxide diffusion into banana is important for designing and controlling of the sulfiting pretreatment process of green banana. The factors affecting the diffusion of sulfur dioxide in some fruit and vegetable tissues have been studied qualitatively (McBean et al., 1964; Stafford et al., 1972; Ross and Treadway 1961) . In order to simulate the diffusion of sulfur dioxide within food materials, mathematical models of mass transfer are generally used. The most common model is based on Fick's law of diffusion with appropriate boundary conditions. The numerical values of sulfur dioxide diffusivity in plant materials is necessary for mass transfer diffusion models. Effective diffusivity of sulfur dioxide has been presented for pre-peeled potatoes (Rodriguez and Zaritzky, 1986 ) and apricots (Rossello et al. 1993) .
To the best knowledge of the authors, there is no information available in the literature about the diffusivity of sulfur dioxide in green bananas.
The objective of this study was to measure the sulfur dioxide diffusivity in green bananas as a function of the concentration of sulfur dioxide solution and temperature.
MATERIALS AND METHODS
Fresh green bananas purchased from a local vegetable market in Auckland were used for the experiments. The bananas with their skins on were cut into 8 cm long cylinders and then dipped into sodium metabisulfite solution and covered with a wire mesh so that they were completely immersed. Dip solutions were made by dissolving the appropriate amount of sodium metabisulfite in distilled water. The solution:fruit ratio was 50:1. At a specified time the banana cylinders were removed from the bath and four 1 cm thick slices were cut from each of the two ends. Corresponding sample slices from five different banana cylinders were pooled together and blended. Samples of 50 to 100 g of the blend were taken for analysis depending on the concentration of sulphur dioxide. Since slices from 5 banana cylinders were pooled together to form a composite sample, the values reported for SO2 concentration are average values only. Only up to 4 cm from the edges was considered since preliminary study indicated that penetration depth was less than 4 cm for a 30 hr dipping time. Sulfur dioxide content was measured by the modified Monier-Williams method (Pearson, 1973) . In this method sulfur dioxide is released from the food sample by a combination of phosphoric acid and heat. It is carried by a flow of nitrogen into a 30% hydrogen peroxide solution, where it is absorbed and converted to sulfuric acid, and titrated with standard sodium hydroxide. The diffusion was assumed to be only through the two cut faces of the banana cylinders and negligible diffusion through the skin.
CALCULATION OF DIFFUSION COEFFICIENT
In developing the mathematical models, the experimental conditions were assumed to be such that the banana cylinders were in an infinite medium of sulfur dioxide and diffusion takes place only from the exposed cut surfaces. The solution of Fick's diffusion equation for one directional mass transfer in infinite medium for short contact time can be written according to Wood (1966) 
where C is the concentration of the solute in the external solution (kg/m 3 ), and M, the total solute uptake in time t per unit area of exposed surface (kg/m ). A plot of M, against \i should give a straight line passing through the origin and having a slope of a = 2 C V(De/x). The effective diffusivity can be estimated from the following equation derived from Equation 1 as:
D = na
(2)
RESULTS AND DISCUSSION
A typical plot of the depth of penetration of sulfur dioxide is given in Figure 1 . At a specific depth, the concentration ncreased with time. The slope of the curves in Figure  1 shifted towards the x-axis with increase in depth from the ends of the cylinders, and at a depth of 4 cm, there was no SO2 detected even after 30 hr of immersion at 30°C. The values of M, was estimated from the total amount of sulfur dioxide diffused into the banana cylinders and plotted in Figure 2 as a function of >f The initial best fitted portion of the plot was used to estimate the slope, since the Equation 1 is valid for initial period of the diffusion process. The estimated values of sulphur dioxide 
Diffusivity
(m 2 /s) 2.401xl0 -lu 5.460x10" 10 5.768xl0' 10 2.419xlO' 10 13.320xl0' 10 13.590xl0" 10 2.654x10"'°1 9.050xl0' 10 17.720xl0" 10 diffusivities in green banana are presented in Table 1 . These values varied from 2.40xl0' 10 to 19.05xl0' 10 m 2 /s. Diffusivities increased with the increase of temperature and concentration of sodium metabisulfite solutions, as expected. This may be due to the increase of temperature due to the increase in molecular mobility at higher temperature. There is little informations to establish a generalized rule about the effect of concentration on diffusivity. For example, Wood (1966) found salt diffusivity in pork muscle and fat tissue is independent of the concentration and Guiheneuf et al. (1996) found manganese ions diffusivity in cured pork is dependent on concentration. Rodriguez and Zaritzky (1986 ) showed that the effective diffusivity of sulfur dioxide in peeled potatoes was 10.78x10"'° m 2 /s at 20°C. Rossello et al (1993) showed that the effective diffusivity of sulfur dioxide in apricots was 3.35x10" 10 m 2 /s at the same temperature. Rodriguez and Zaritzky (1986) used sulphur dioxide concentrations of 1,538 to 10,466 ppm and Rossello et al. (1993) used 10,000 to 50,000 ppm. In this study, the values for green banana are 2.40 to 5.77 m 2 /s at 20°C and 6,000 to 10,000 ppm (Table 1 ). It is difficult to compare'the values of green banana with the literature values of potatoes and apricots due to the variation of concentration and experimental conditions used in the above cases.
CONCLUSION
Effective diffusivities of sulfur dioxide in green banana was varied from 2.40xl0' 10 to 19.05x10''° m 2 /s with an increasing trend with concentration and temperature of sodium metabisulphite solution. The values estimated in this study can be used to design a sulfiting pretreatment process of green banana before drying.
